I t is well known th a t complex form ation betw een imidazole groups and m etal ions plays an im p o rtan t role in several cell processes1. Especially th e role of m agnesium and calcium ions in such processes is hard ly know n1,2. W e are currently investigating th is field by preparing and characterizing m odel com pounds containing Ca(II) and M g(II) coordi n ated by imidazole (abbreviated Iz).
I t is well known th a t complex form ation betw een imidazole groups and m etal ions plays an im p o rtan t role in several cell processes1. Especially th e role of m agnesium and calcium ions in such processes is hard ly know n1,2. W e are currently investigating th is field by preparing and characterizing m odel com pounds containing Ca(II) and M g(II) coordi n ated by imidazole (abbreviated Iz).
Since m agnetic and spectroscopic techniques th a t are usually applied for characterization of coordina tio n com pounds and for inform ation about th e geom etry, are not very useful for th e stu d y of Ca and Mg compounds, we decided to com pare th e properties of im idazole complexes of Ca and Mg w ith those of N i(II). N i(II) complexes have th e advantage of easy spectroscopic and m agnetic characterizatio n 3, an d in addition N i(II) and Mg(II) behave as ions of sim ilar size4.
We wall rep o rt in this paper our results for some N i(II) imidazole com pounds, since wre found a few conflicting and erroneous literatu re reports on nickel-imidazole halides. For com parison the system Ni(NCS)2-imidazole has also been studied, which has not been described in the literature.
E xtensive studies of spectroscopic properties have been reported for N i(Iz)6X 2, w ith X = C104, B F 45-7 and N 0 36> 8> 9. F o r th e la tte r com pound a crystalstru ctu re determ ination has appeared9.
Experim ental

Syntheses
N ickel(II) salts were commercially available as the hydrates, as was imidazole (Aldrich).
Compounds of form ula N i(Iz)w(anion)2(H 20 )T O were obtained by m ixing stoichiom etric am ounts of im idazole and N i(II) salts in ethanol. Crj^stals of th e com pounds appeared upon cooling or addition of diethylether. M etal analyses showed th a t the num ber of w ater molecules wras ab out 2, although therm ogravim etric analyses10 indicated th a t values from 1.0-2.5 m ay occur, depending upon the p articu lar sample.
In addition compounds of form ula N i(Iz)6(anion)2 (H 20 ) 4, w ith Cl-and Br~ as anions, were obtained from aqueous ethanol solutions.
A nhydrous compounds N i(Iz)"(anion)2 were p re pared from stoichiom etric am ount of im idazole and N i(II) salts in ethanol in th e presence of trie th y lorthoform ate for d eh y d ratio n 11. How ever, for the preparation of N i(Iz)6(NSC)2 a m olar ratio of 8 : 1 was necessary, whereas N i(Iz)4Cl2 was best p re pared by dehydration of its d ih y d rate in vacuo (1 m m Hg) a t 100 °C.
I t appeared difficult to obtain pure sam ples of N i(Iz)2I 2 and N ilz l,; m ost samples appeared to be contam inated w ith th e -very stable -N i(Iz)4I 2, as concluded from spectral m easurem ents.
All com pounds were analysed for N i(II) by com plexom etric titra tio n w ith E D T A 12. In a few cases also halogen, carbon, hydrogen and nitrogen determ inations were carried out.
Spectral measurements
In frared spectra were recorded as N ujol mulls betw een sodium chloride plates on a H ilger and W a tts spectrophotom eter (4000-650 cm -1) and betw een polythene plates on a P erkin E lm er 521 spectrophotom eter (700-250 cm-1).
L igand field spectra were perform ed on a B eck m an DK-2 ratio recording spectrom eter, furnished w ith a reflectance attac h m en t (35,000-4000 cm -1).
X -ray powder diagram s were taken w ith Guinierde W olff cam eras using C u-K a radiation. The samples were mulled w ith vaseline.
Results and Discussion
General
All com pounds th u s far found in th e system N i(II)-Iz -X , w ith X = C1, Br, I, NCS and their stable hy d rates are listed in Table I , together with th eir colours, m elting points, analytical d a ta and Xray pow der-diffraction types. The division into these X -ray types was m ade according to the line patterns, th a t are sim ilar in rf-values and relative intensities.
I t appeared th a t th e compounds N i(Iz)6X 2, w ith X =C1, B r and NCS, easily take up w ater from the atm osphere in non-stoichiom etric am ounts, i.e. varying from 1-2.5 moles per Ni. Only for X=C1 such a com pound has been included in Table I . The fact th a t these w ater molecules are weakly bound in th e lattice is illustrated by the X -ray line patterns, which do n ot differ m arkedly from the anhydrous compounds, and by the therm ogravim etric behaviour of these com pounds10, which in dicates th a t w ater molecules are rem oved at 50-80 °C from the lattice.
The com pounds N i(Iz)6X 2(H ,0 )4, w ith X =C 1 an d Br, prepared from aqueous ethanol solutions, also con tain w ater molecules not directly bound to th e N i(II) ion (vide infra), b u t now th e influence upon th e imidazole molecules seems larger, as concluded from th e different X -ray type (Table I) . I t is found, however, th a t already a t about 35 °C a phase tran sitio n occurs to the other structure, accom panied w ith th e loss of some water.
As already indicated in Table I , it appeared th a t some of th e literatu re products were in fact hydrates, as can be concluded from th e published spectral d a ta ( vide in fra). The fact th a t some of th e com pounds m entioned in Table I were not obtained by previous workers, can also be explained by the hygroscopic properties of these compoixnds. Only when sufficient dehydrating agent is present, a n hydrous com pounds of form ula N i(Iz)4X 2, X i(Iz)2X 2 and N ilz X , can be isolated, w ith the exception of N i(Iz)4Cl2 which can only be prepared pure by d ehydratio n of its d ihydrate in vacuo. M elting to g eth er anhydrous N i(II) salts and imidazole in th e desired ratio always results in m ixtures of com pounds or h y d rated products.
Infrared spectra
For a first characterization of the com pounds infrared spectra were recorded and com pared w ith literatu re d a ta for other imidazole com pounds5. The absence or presence of w ater was easily determ ined from th e IR spectra, although som e tim es overlap occurs betw een the N -H stretch of im idazole and th e O -H stretch of w ater. We found however, th a t definite evidence for the absence or presence of w ater comes from an IR com bination b and at ab o u t 5000 cm-1 (OH stretching -f-OH bending), which is observed in the solid-state diffuse reflectance spectrum .
The possible interference between O -H stretching and N -H stretching around 3400 c n r 1 m ay be the origin of some discrepancies in th e lite ra tu re 8'13.
In additio n to th e X -ray isomorphism, we found th a t w ithin a group of powder-isomorphous com pounds (see Table I ) very similar infrared spectra are observed, w ith regard to line p attern s (splittings and relative intensities).
Infrared spectra of th e thiocyanate compounds give direct inform ation about the m anner of * Band positions are accurate to 5 c n r 1; sli = shoulder; br = broad; ** bands due to the C-S stretching could not be assigned unambigiously, due to the presence of numerous imidazole absorptions in the 700-900 cm-1 region.
binding to th e m etal ion14. Some d ata of our com pounds are listed in T able II. The occurrence of free, uncoordinated NCS-ions in N i(Iz)6(NCS)2 can be directly concluded from th e bands around 2020 and 485 cm-1. N itrogen-coordinated NCS-ions in N i(Iz)4(NCS)2 are recognized from bands a t 2100 and 475 cm-1. The fact th a t the 2100 cm-1 band occurs sharp and unsplit agrees w ith a trnnsgeom etry for the two NCS-ions. The IR absorptions due to NCS for the rem aining com pounds are in agreem ent w ith coordination via both nitrogen and sulfur, as is expected from ligancl-field spectra (see below). U nfortunately, th e C-S stretching v ibra tions which are also indicative of the m anner of coordination, cannot be distinguished am ong the num erous imidazole bands from 700-900 cm-1. The far-IR spectra of all compounds, except the yellow-orange diam agnetic N i(Iz),X 2 com pounds w ith X = B r -and I -, show a broad band around 265 cm-1 which is split in some cases. This band can be assigned to N i-N vibrations in six-coordinate N i(II) com pounds5'8. The diam agnetic, squareplan ar coordinated com pounds, on the other hand, have a m uch stronger N i-N bond, as reflected by th e absorption at about 390 cm -1 which is assigned to a N i-N stretch in g 8. A second band in these com pounds, a t 330 cm-1, is te n tativ e ly assigned to a N i-N bending or a Ni-ligand wagging. W e observed th a t im purities in th e com pounds N iIzX 2 and N i(Iz)2X 2 are readily recognized by the absorptions a t 390 and 330 cm-1 and are ascribed to N i(Iz)4X 2.
Since th e products reported by T a y l o r et a l. 13 show these bands, we conclude th a t those products are contam inated w ith N i(Iz)4X 2.
Ligand-field spectra
Solid coordination com pounds are easily studied by th e diffuse reflectance technique, and a lot of Ligand-field m axim a of our com pounds are listed in Table I I I , to gether w ith some im p o rtan t infrared overtones, and w ith calculated ligand-field p a ra meters. I t is seen from this tab le th a t th e octahedral hexakis solvates all yield sim ilar p aram eters w ithin experim ental error, in agreem ent w ith th e proposed structure and w ith literatu re values for N i(Iz)2+ 5>6. The hydrates of these com pounds are only different w ith respect to th e n ear-IR overtones and com bina tion bands, in agreem ent w ith second-sphere bond ing of th e w ater ligands. The tetrag o n al com pound N i(Iz)4(NCS)2 yields p aram eters very sim ilar to Ni(Iz)g+, confirming th e nitrogen coordination of the NCS-ion.
The other tetragonal com pounds yield different spectra, from which two additional spectral p a ra m eters can be derived15-16. F rom th e spectral d a ta it is clear th a t in both th e h y d rates [Ni(Iz) ,(H 20 ) 2]X 2 th e w ater molecules are coordinated to N i(II), whereas the anions are held in the second coordina tio n sphere.
Since the band m axim a of these la tte r com pounds are the same as those reported by Taylor and U nderhill13 for the "anhydrous" compounds, we conclude th a t th e compounds of Taylor, obtained by fusing the reagents, are a t least highly contam inated w ith the hydrates.
The square-planar coordinated com pounds N i(Iz)4X 2 yield ligand-field m axim a th a t are in the usual region for a square-planar N i-N 4 species17-18.
This bis-and mono-imidazole compounds yield spectral d ata th a t agree w ith less-distorted o cta hedral coordination, although in N i(Iz)2(NCS)2 clear splittings occur, allowing assignm ent on a tetragonal basis. I t appeared th a t the spectral m axim a of the other compounds could be in te r p reted in term s of octahedral sym m etry, allowing th e param eters Dq and B to be calculated3, which are also listed in Table I II. I t m ust be noticed however, th a t these param eters are less accurate due to th e ra th e r broad ligand-field absorptions, caused by deviations from octahedral geom etry.
Considering th e available spectral d a ta the spectrochem ical series was determ ined to be Iz > N C S -> H , 0 > S C N ->C1-> B r -> 1 -, which agrees w ith lite ra tu re 19.
F inal remarks
From th e results discussed above a few rem arks are appropiate: 1. The diam agnetism of th e te tra k is solvates N i(Iz)4X 2 w ith X = B r , I is surprising, since d ia m agnetic square-planar Ni is only know n for very strong ligands (e.g. CN~), for chelates (e.g. bipyridyl) or for sterically hindered ligands The direct synthesis in th e presence of trie th y lorthoform ate allows preparation of large crystals,
